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Abstract
This paper will explore use of a data warehouse solution for an electric utility that
generates and transmits power across four US states. The pseudonym “Utility “X”” will be used
to represent the electric utility for security reasons. At Utility “X” several systems store
information that is managed in silos that, in some cases, operate on proprietary database formats.
This type of usage is identified as a barrier in the development of an enterprise-wide data source.
A data warehouse can ultimately help to bridge the Utility “X” information gap, and provide
added accessibility for the company to further develop technology, such as Geographic
Information Systems (GIS).
The use of a data warehouse can create an environment that increases the usability and
accessibility of data. This project will focus on a method of using a data hub; data warehouse;
and extract, transform, and load (ETL) processes to compile data from the proprietary equipment
maintenance database, the meter system database, and the plant information database to provide
one cohesive dataset in a data warehouse, which would ensure easier access to sets of processed
electric meter data. The combination of these three sources offers advantages to other
departments within the company that need meter information.
A data warehouse does not require alteration of source systems that would cause
deviation from their primary functions. For example, when a data warehouse solution is not used,
there is pressure for existing databases to conform to new uses, such as GIS applications. This
adaptation can include costly new system changes, database changes, and interface changes.
However, a system that is set up for one purpose might also contain data that is useful for
another purpose. By leveraging a data warehouse solution and developing a new use of the
existing data, the company can avoid changing the current system configuration.
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This research will define an approach to building a data warehouse based on qualitative
action research methods. Research was conducted at the company by using an iterative
interview process wherein information from interviews was gathered and classified based on
information from primary sources on the topic of data warehousing. An example using electric
meter data from the company was identified that showed several solutions to problems by use of
a data warehouse environment.
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Chapter 1 – Introduction and Background
This research explored the use of a data warehouse solution for an electric utility that
generates and transmits power across four US states. At Utility “X” several systems store
information that are managed in silos that are largely inaccessible to the rest of the company.
Data silos are isolated sources of information that are not widely accessible for more than one
purpose. Frequently task-based systems are created for a single use and do not account for wide
use of the information in the database. The use of silo data in an organization is a barrier in the
development of enterprise-wide information sources. Without a more organized infrastructure in
the organization, information is not available in a reasonable amount of time. It can take much
more time to assemble information for upper management to make decisions about the budget or
the utility system in general. Electric system decisions or budget considerations based on old
information can create an environment where the company is unable to make accurate decisions.
Upper management requested more timely delivery of information in order to improve critical
business decisions, which is ultimately a call for better data management. Increased availability
of timely information is a basis for better decision making.
At Utility “X”, meter data contains information about what is happening in the electrical
system. Timely information delivery to more people in the company can increase the accuracy
to what is occurring in the electrical system for the company to make better decisions. Meter
data is a basic example of information that is stored in a silo environment and contains valuable
information, and sometimes critical information that the company can use to make timely
decisions. Although the meter information is not real-time, the data that is made available is not
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assembled in a way that makes it immediately useful for decision making. This research
explored several problems surrounding the specific use of meter data in the company.
The equipment maintenance system keeps track of substation equipment, which also
includes information about meter equipment. Meter data is stored in both the plant information
database and the equipment maintenance database introducing a problem with data that is not
cohesive. Having meter data in several places reduces the availability of a basic source of
information.
The sole purpose of equipment maintenance system and database is to keep track of the
equipment in the substations for the purposes of scheduling regular maintenance and testing.
This system provides information for the company to keep the equipment running in the
substations in order to avoid equipment failure. What is valuable about this system that is
underutilized, is the actual equipment inventory that the database houses. This data provides
information about the power system that can be used for other purposes such as budgeting
upgrades, and identifying system limitations. Making this data available to other systems for
other uses would increase its value to the organization. However, there are problems that need to
be solved before this can occur.
One problem identified with the current system is that it relies on a vendor to provide
information on an as-needed basis about what data is stored where in the schema. Utility “X”
does not have any documentation of the schema, so Utility “X” relies on the vendor to maintain
the information in the equipment maintenance system. This dependence on an outside vendor
creates a disadvantage for the company because the vendor has to be involved if any major
changes or additions to the database are required, which increases the overall cost of the system.
Changes would need to occur to make the data more available to other systems. Whenever there
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are changes needed to the database, the vendor needs to be involved in those changes which
increases the time and cost of the system. The company has the expertise in-house to make those
changes and it would take less time. Utility “X” has the capacity to maintain and utilize their
own equipment inventory without relying on an outside vendor if there was a way to take
ownership of the database schema. As a company, taking ownership of the schema would
provide control so that the data is available for other uses.
Another source of meter data is information that comes from meters in the substations
that is stored in the meter system database. This is a third source of meter data accessed using a
separate system. This system stores peak load among all meter data that is used by several
departments. The data is accessed by using a Microsoft Excel plug-in that requires the user to
build a spreadsheet of the information to use. This is an inconvenient way to access information
that has the potential to be used in a form that is pre-assembled. To solve this problem, the utility
needs to eliminate the task of building a spreadsheet to access the information.
The plant information data is stored in the supervisory control and data acquisition
(SCADA) system. The plant data also contains information that has the potential to be used in
conjunction with the same data found in the meter system database. The problem with this is
that similar information is stored in two different systems and is used for separate purposes. The
Utility “X” Transmission Planning Department has a need for peak load information available in
both databases. This department does not have a good way to access and use both sources of
information easily as one set of data. An improvement in the system would present that data in
an environment where the user would not need to go to two different databases to obtain a
complete set of data.
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GIS (Geographic Information System) data is any data that has a spatial component. In
this case, some data is stored in a GIS format natively. Other data will always exist in other
systems at Utility “X” where the primary function will not include a spatial component. This
presents a problem where data exists in systems that do not already include a spatial component.
Some of these systems contain data that has the potential for map display if it included a link to
the GIS system. An improvement to the system would provide a database link to the GIS
system. The GIS system ultimately relies on linkages to other non-spatial databases to operate at
its full potential. GIS sits on top of all the other databases. In order for GIS to be successful, all
the other databases need to be working together in a way that is conducive to its use. This
research focused on resolving the issues with the non-spatial databases so that those can have
potential use for GIS purposes.

Problem and Objectives
The problem facing the GIS Department within Utility “X” is that company data is stored
in isolated databases. Without easily accessible data, the GIS cannot deliver spatial information.
Once the database accessibility issues are resolved against the equipment maintenance system,
the meter data management system, and the plant information system, the GIS can be leveraged
as the vehicle for information dissemination so that upper management and the company as a
whole can have timely and appropriately organized information to make the best possible
decisions. There have been examples where management was given summarized data that was
six months old when newer information was available. Decisions that are made by management
rely on information that is up to date in order to make an informed decision.

A Data Warehouse Solution Emphasizing the Use in Geographic Information Systems

12

Data sharing across multiple departments for multiple uses can facilitate improvements in
information usage. The meter data could be used by other departments within the company for
other uses such as transmission planning. The Transmission Planning Department needs to have
access to sources of meter data from both the plant information database and the meter system
database. If both databases were combined, it would create a picture of the whole transmission
system by compiling records for all the meters in the system. Combining these sources would
allow the Transmission Planning Department to have easier access to all the data they need.
This research study defined a possible evolution of Utility “X”’s database environment
based on the company’s identified need to improve the access and management of information
for varied usage across different departments.
This study sought to understand the following questions:
1. What types of problems with data management exist within the company?
2. What can be done to make meter data more accessible and useable to other
departments and for other types of uses within the company?
3. How can a data warehouse benefit a GIS and other company departments?
Significance
Once Utility “X” has a good database foundation, doors will open for new technology
such as GIS to emerge. The motivation behind this research project was to have an outcome that
not only provides good quality data for the GIS that will fuel its progression in the company; but
also provides a framework for other companies to grow and develop their database resources.
Without proper enterprise-wide data management, access, and maintenance, GIS capabilities are
limited. Not having true ownership of company information and its management keeps
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organizations from progressing with new technology. Proprietary databases that are isolated and
managed by consultants prevent organizations from having easy and quick information access.
There are many data management solutions such as data warehousing that enable
organizations to improve data management, expand data usage and improve decision making
ability. Providing input by means such as this research, can help to define the types and
availability of data that can be assembled for use in the GIS.

Chapter 2 – Review of the Literature and Research
Supporting Research
Research is used as the basis for answering the questions about the current environment.
It is the way to identify how others have answered these same questions. The following section
contains the research examples for this project that were used to identify possible solutions and
defend them.
What is a data warehouse? The data warehouse is not just a repository of data that is
accessed by several departments; it is a place to organize data for other uses. Compared to
legacy systems, it can be more flexible to expand for future usage according to Inmon (2005).
“A data warehouse is a subject-oriented, integrated, nonvolatile, and time-variant
collection of data in support of management’s decisions. The data warehouse
contains granular corporate data. Data in the data warehouse is able to be used for
many different purposes, including sitting and waiting for future requirements
which are unknown today” (Inmon, 2005).
A data warehouse is a holding place where information is assembled for the user
in a timely fashion. Data design projects can last for long periods of time. Systems that
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rely on these designs take time to build. The usability of the information in that system is
at stake when systems take a long time to migrate when the use of the information
changes. A data warehouse can fill a gap of time where systems can catch up to user
requirements.

The most important thing to remember about a data warehouse is that the data is
integrated and reformatted, so that there is one version of information that everyone accesses
rather than having different versions of the same or similar information in several places.
“Data is fed from multiple, disparate sources into the data warehouse. As
the data is fed, it is converted, reformatted, resequenced, summarized, and so
forth. The result is that data — once it resides in the data warehouse — has a
single physical corporate image” (Inmon, 2005).
In addition to that, the data warehouse holds essentially a processed copy of the
data in the legacy system or the operational database where it remains the source data.
“Data warehouse data is loaded (usually, but not always, en masse) and
accessed, but it is not updated (in the general sense). Instead, when data in the
data warehouse is loaded, it is loaded in a snapshot, static format. When
subsequent changes occur, a new snapshot record is written. In doing so, a
historical record of data is kept in the data warehouse” (Inmon, 2005).
The advantage here is that the data can be formatted and modified in the data warehouse
for the new purpose identified, and it gets updated from the original source systems periodically
so that the data does not age and become useless. At the same time, the original systems can
continue to be used for which they were intended, without inflicting change to those.
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One of the major design issues with building a data warehouse is that of granularity.
“Granularity refers to the level of detail or summarization of the units of
data in the data warehouse. The more detail there is, the lower the level of
granularity. The less detail there is, the higher the level of granularity. For
example, a simple transaction would be at a low level of granularity. A summary
of all transactions for the month would be at a high level of granularity….The
granular data found in the data warehouse is the key to reusability, because it can
be used by many people in different ways” (Inmon, 2005) .
There are many uses for this data in aggregate form. The data warehouse in this case
would include more aggregated plant data that can be used for other purposes without having to
access the proprietary system. The plant information data would be best accessed corporatewide by developing rolling summary data (Inmon, 2005).
Data Warehouse Method Comparison
There are basically two schools of thought on data warehousing that include the Inmon
Corporate Information Factory (CIF) approach and the Kimball method. There are many
similarities between the methods. Both methods have the basic premise that the data warehouse
should be created enterprise-wide and not in silos by department or by supporting a single
purpose or function. They each use extract, transform and load (ETL) processes to migrate data
into a staging area. Both have a presentation layer that is used for reporting, business
intelligence and analytics (Ross, Kimball, 1994).
The Kimball method differs from the Inmon method in that it uses a bus architecture built
with dimensional models based on business processes. The dimensional models are structured
using a star schema. Common data across the enterprise is compiled into one model. Common,
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conformed dimensions have consistent descriptive attribute names, values, and meanings. The
Kimball method also differs in that the architecture at the presentation level identifies and
enforces the relationships between business process metrics and descriptive attributes (Ross &
Kimball, 1994). The emphasis here is on the business process rather than on departments.
The Inmon CIF method is different because it focuses on departmental data with the
concept of a data mart, among other constructs. Data marts are used to incrementally build the
data warehouse by focusing on data in each department and building them so that they can be
utilized in the data warehouse environment with the enterprise-wide focus. Similar data may or
may not exist in other departments, but an enterprise-wide dimensional model is not the goal
with this method. This method is more nimble in that changes can be made modularly in the
data mart. The Kimball method is more restrictive in this way because of the business process
focus it requires more coordination between departments to make changes in the structure of the
data. In an interview with Kalman (2004), Kimball says that he does not agree with the concept
of a data mart. He says it’s a technology looking for a solution, and a way to create a complex
architecture to proliferate more machines (Kalman, 2004). It seems like he thinks it’s a way for
vendors to make money on hardware and supporting complex architecture rather than a way of
simplifying the implementation process.

Service Oriented Architecture
Using service oriented architecture (SOA), enables system designs that incorporate data
management, agile development of applications, integration of legacy systems, and re-use across
the enterprise (Rosen, et. al, 2008).
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“SOA can be defined as an architectural style promoting the concept of a business-aligned
enterprise service as the fundamental unit of designing, building, and composing enterprise
business solutions” (Rosen et. al, 2008).
This method of building enterprise systems helps to alleviate problems surrounding data
silos by incorporating an infrastructure that supports multiple usages.

“One of the main goals of architecture is the promotion of consistency and
reuse. Thus, one difference between software architecture and Service-Oriented
Architecture is that of scope. SOA is concerned with providing consistent services
throughout the entire enterprise, so that they can be used by many different
families of solutions. SOA must promote the development of business capabilities
in such a way that they are easily reused by the different business processes.”
(Rosen, et. al, 2008).

SOA is the framework in which data warehousing can develop and be successful. Without an
enterprise-wide support structure such as SOA, developing a data warehouse can be difficult.
Technology alone cannot support a data warehouse. It requires many aspects of support
throughout the organization. The organization needs to have an architectural approach, a
business vision, methodology, a corporate-wide vision of reuse and the staff and resources to
support it (Rosen et. al, 2008).

Data warehousing in combination with SOA can help tie information systems together
and break down the barriers that exist with silo databases, resulting in a better way to manage
information and enable the right people to get the right information at the right time.
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ETL Basics

ETL is an acronym for Extract, Transform, and Load, which is a key component of the
data warehouse environment that allows the processing of data between the legacy systems and
the data warehouse.

ETL processes are responsible for:

(i)

The extraction of the appropriate data from the sources.

(ii)

Their transportation to a special-purpose area of the data warehouse where they
will be processed.

(iii)

The transformation of the source data and the computation of new values (and,
possibly records) in order to obey the structure of the data warehouse relation to
which they are targeted.

(iv)

The isolation and cleansing of problematic tuples, in order to guarantee that
business rules and database constraints are respected.

(v)

The loading of the cleansed, transformed data to the appropriate relation in the
warehouse, along with the refreshment of its accompanying indexes and
materialized views.
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(Vassiliadis, 2009)

The data in the legacy systems might have similar information across different systems.
The common example used is customer data, which might be stored and maintained in several
locations across the company. The ETL process, in conjunction with the data warehouse, can
assemble a cohesive customer dataset that meets the needs of various departments within the
company.

“The data might be extracted and loaded into a separate data warehouse
for other reasons. Data in transactional systems is not always checked for validity.
Multiple transactional systems can become silos of information and the data can
be inconsistently represented in the different systems. So, the warehouse is often
the location where data is cleansed of bad information and brought together in a
consistent format with consistent meaning.” (Stackowiak et.al., 2007)

Consistent data with consistent meaning is a critical aspect of the data warehouse
that adds value to the information that is stored in it. In disparate systems, data of similar
type can have similar meaning, but might still be slightly different when evaluated
together. Using a simple example, a set of customer data in one system might be used to
track customers that are located in one portion of the sales territory that are limited to the
sale of one particular set of products. Another system might track all customers
throughout the entire sales territory regardless of what product they are purchasing. This
information is the same information, but when evaluated together, there might be
duplicate records. One customer that buys the one particular product isolated to the one
portion of the sales territory might also buy other products that are tracked in the other
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system. This customer would be tracked in both systems. Two systems with two
different purposes contain two sets of similar data. The purpose of each database is
different and the information in them has different meaning as well. The products are
isolated to one type in one database, where the other database does not isolate the product
type. If a new purpose for the information was identified, such as consolidation of the
customer data; an ETL process could be set up with a data warehouse to accomplish the
consolidation task without repurposing the first two systems.

The primary advantage of using ETL is that legacy systems can continue to be the
primary source of the information and the application source in which the data is updated and the
extracted data can be formatted and cleansed.

ETL processes can free the company from dependence on a certain platform or vendorspecific system. The process of changing systems can be costly and time consuming. ETL
processes can help to alleviate some of this by providing a way to use the information outside of
the currently used platform that might be outdated or in need of an upgrade.

’…the transformation tool should target a wide variety of ODS platforms,
with the flexibility to add new ones as they become available. The transformation
tool is the first line of defense against vendor lock-in within the ODS, since it can
provide portability to new technologies as they become available.” (Inmon, 1999)

An example of an Operational Data Store (ODS) would include integrating two sets of
similar information in one location. As in the customer data example, a new use for customer
information was identified that drove the need for a new consistent customer database. An ODS
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can provide a set of consistent information needed for the new purpose or operational
environment.

“The ODS is a basis for doing integrated operational processing and, in
turn, it feeds the data warehouse. There is still a clear line between operational
processing and informational processing. The ODS is a separate architectural
entity from the data warehouse. The ODS serves the needs of the operational
environment while the data warehouse serves the needs of the informational
community (Inmon, 1999).”

An ODS is a subset of the data warehouse that provides processed information that is
needed for a particular department or specific entity with a specific function in mind. It is a
tailored database built from existing data to meet the needs of the users.

Utility Systems Basics
There are several systems that run the electrical transmission system. In order to better
understand the research in this document, an introduction to the meter system is necessary.
The electrical transmission system consists of high voltage power lines that one would
typically see elevated with wood structures or steel towers. Those power lines are connected by
substations that hold various pieces of equipment that manage the electrical current on the lines.
One of those pieces of equipment is the electric meter. Similar to the meter at a home, this meter
reads the current flowing through the lines at its location. The transmission system works a little
differently than the electricity that flows to a house because the power can flow two ways. The
flow at any point in time is either read at a deficit that is called “demand” or calculated as a
surplus which is called “load.” The difference with a transmission system meter is that it may
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have more than one use, one of which is billing customers for their usage. On a transmission
system meter, the demand and load over a period of time is calculated to determine whether the
customer owes for the additional demand or if the customer receives a refund for the load that
was added to the system at that meter location.
Several types of substation equipment, including meters, are used to monitor and control
the current through the use of the supervisory control and data acquisition (SCADA) system.
“Operational data, also called supervisory control and data acquisition
(SCADA) data, are instantaneous values of power system analog and status points
such as volts, amps, MW, MVAR, circuit breaker status, switch position. This
data is time critical and is used to monitor and control the power system (e.g.,
opening circuit breakers, changing tap settings, equipment failure indication, etc.)
(McDonald, 2009).”
The main purpose for the SCADA system is to control the flow of power at the substation
in the event of a surge or other significant power fluctuation. For billing, the reading is
aggregated to some extent and is typically read at an interval of about 15 minutes. For the
SCADA system the reading is every few seconds.
For the purposes of this research it is important to understand that those two different
readings are stored in two different and separate systems. The meter readings used for SCADA
are stored for later retrieval in the plant information database and the meter readings used for
billing and other purposes are stored in the meter system database. Both of these readings
contain similar information and could be used together. For example, a meter may be used only
for billing or only for the SCADA system but a single meter might also serve both purposes.
From the interview process and from working with meter information for use in GIS, it was
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determined that for some analysis purposes it is important to evaluate all the meters on the
system regardless of use. Currently there is not an easy way to do this, since the information is
stored in two separate systems.

Chapter 3 – Methodology
Action Research
This research project is a case study that will contain qualitative research and data
analysis through an action research approach. “Action research is an established research
method used in use in the social and medical sciences since the mid-twentieth century. Toward
the end of the 1990s it began growing in popularity for use in scholarly investigations of
information systems” (Communications of the AIS, 1999). It combines the study of the social
aspects of IT systems with methods or actions with the goal of improving systems in
organizations.
Action research to some scholars is not really research, but is “a formalized method of
problem solving relevant to a particular organization or setting (Swanson, 2005).” This is
valuable research because it is the exercise of solving problems at an organization in a real
setting using research to apply changes, and support decisions that are made. More often than
not, people in organizations make uninformed decisions. Action research is a method to use to
ensure informed decisions. This study focuses on defining a warehouse solution based on
research in the company using an interview process with employees, investigating the various
systems throughout the company and defining the current issues associated with those. Scholarly
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research was used to define methods and options to use in solving the issued that were identified.
Some action research projects include the process of actually completing the suggested changes
to the IT systems. In this case, the identified solutions would take many years to complete and is
not part of the scope of this project. This project only identifies a suggested set of solutions with
the hope that the implementation process could be seriously considered as a result of this work.

The Process
I conducted a survey using a questionnaire and met with various employees in different
departments in the company to document the information environment (see Appendix A.). The
interview questions focused on potential data duplication and perceived difficulty of information
retrieval with the goal exposing potential flaws in some of the information systems throughout
the company. The interviews were successful in providing those results, which were compiled
into a list of problems (see Table 1) that were then analyzed to find a suitable data warehouse
example to use for this research. As a new employee to the company, the interview process
helped me gain exposure to several systems throughout the organization and an understanding of
the challenges that different people face with those systems.
Once the interview process was complete; I looked over the results and compiled a list of
problems that were identified. To isolate more complex issues, I separated the list of problems
into two categories: ones that could be solved using a data warehouse solution and those that
were just basic information management problems. Initially I found that one of the most
significant problems was one that introduced an information constraint from one department to
another. This was the problem where Transmission Planning Department was limited access to
the meter data by the tools that were offered to them. In this case, the department could only use
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an Excel spreadsheet to build a query interface to the database. I started to find that other
problems in the list also pointed to limitation on the access and use of meter data. The
interesting part of the discovery process was finding that the proposed problem to be solved
included many aspects of the data warehouse including high volume, high grain data that needed
to be transformed into aggregated data and summarized reporting. This series of problems and
the many facets of the data warehouse solution it presented made it a good candidate for this
thesis project. Once the suitable data warehouse example was recognized, several individuals
with specific knowledge of the system were interviewed to gain more information about the
existing systems and data. Some of the same people were interviewed again with different
questions and new people were identified and interviewed with questions more specific to the
topic.
The goal of the second round of interviews was to attempt to understand what
systems existed for what purpose and try and identify the flow of information from one
department to another or from one use to another. The more I learned about these different
systems, a good picture of how meter data was used and maintained begun to form. The project
started to take focus on meter data as a whole. It was at this point that I decided to keep the
focus there and only the systems involved with collecting, maintaining meter data were
evaluated, since this type of information seemed to have the most problems in terms of database
maintenance and usage.
The interviews were free-form and did not involve preformed questions. Each person
interviewed was asked who else would know more about a particular part of the system that I
needed to know more about. I had several other referrals that lead to more information about
each of the systems and those people were able to explain to me what data was collected and
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moved from one system to another. Additional information about the existing systems was
submitted for my review that were contained in proprietary internal documents. Other references
to external software vendor websites were also suggested that had additional information. The
results of this process are contained in the section that includes the description of the current
environment for each of the systems evaluated.
Chapter 4 – Results
Interview Results
The interview process revealed a significant amount of work that would have to be done
in order to fix all the problems that were identified. However, the purpose of this interview was
not to fix the problems, but just to determine what they might be. The list gleaned from the
interview process was compiled into a table illustrating two sets of problems as described
previously (see Table 1).

Table 1
Identified Problems from Interview Process
A. Problems that could be solved with a Data Warehouse Solution
1 Line Rating information not kept in one place.
Calculated system impedances of lines and transformers are kept in Planning and Protection
2 departments. They are similar calculation but not exactly the same.
Resistance and reactance values are kept in Planning and in Protection. They are currently
3 inconsistent and should match. They are working on fixing the inconsistencies now.
4 Relay settings are sourced at the Relay DB, but kept other places like the Planning DB.

Two telecom DB’s both have similar information kept in it, but the systems have different
5 purposes.
Lands department needs information from several departments. Environmental also, does, so
they sometimes share information since Environmental also gleans information from different
6 sources (Environmental capital projects folder).
Four levels of management (different levels of detail) keep maintenance information for
7 telecom. This will be resolved with Equipment Maintenance DB.
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Budget and accounting information is difficult to get because of different levels of
information that is needed for different purposes. Three different locations for similar
8 information.
The Equipment Maintenance DB has information that is also in the Planning DB. There are
also individuals in Trans. Maintenance with spreadsheets with similar information. The
Equipment Maintenance DB is the source, but there is not a good way to update these other
9 sources with similar information.
SCADA data (plant information) is not made easily available to Trans. Planning for them to
10 use in the planning models.

Data in the Equipment Maintenance DB and the DOBLE DB are duplicated. Test results get
11 additionally stored in Documentum.

There is not a read-only version of the data in the Equipment Maintenance DB so this
12 information is not easily accessed.

B. Other Basic Data Management Problems
Employee information (phone numbers) not kept up to date in HR for telecom and for
1 Dispatch.
2 Telecom and Environmental have problems deciding where to keep pictures.
3 Telecom site GPS coordinates are kept several places.

Telecom does not know when things have been built. A DB exists to enter this, but
4 Maintenance doesn’t use it properly.
5 Equipment and Equipment Wiring Drawings for telecom are out of date.
6 Paper files in different places are difficult to access and are not filed properly.
7 Inconsistent use of forms (old forms, new forms) in the Lands Dept.

8

9
10

11

People keep information in Microsoft Outlook that needs to be shared like access codes to
telecom sites, phone numbers of outside contacts, inside employee cell phone numbers and
cell phone account information etc.
Other utility information outside of Utility “X” that resides in schematic diagrams or other
drawings are difficult to obtain or keep updated because of the competitive environment that
FERC has created.
Several departments do their own mapping for the same project. Coordination is starting, but
not ideal. Map information might be the same but from different sources.
Surveyors PLS CAD drawings are too difficult to decipher so structure coordinates are
gathered all over again. CAD drawings need to be simplified for different purposes, which is
time consuming. Models are not standardized and individual engineers use their own models.

Classifications into the two categories were determined by applying a basic overall
understanding of data warehousing as a result of the research effort. Based on the research done
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for this project, just over half of all of the problems identified could be solved with a data
warehouse solution. The topic for this research was chosen from items 9-12 from list A in Table
1. These items were chosen because they were related in terms of the type of data, and had the
most complex issues associated with them. The topic determined from the interview process will
cover the application of the data warehouse more specifically using research examples. The next
section covers the research supporting the topic.

Data Warehouse Method
For this project, the Inmon CIF method was evaluated for two reasons. One reason is
because of its flexibility of focusing on departmental information using a data mart. The terms
data hub and data mart are used interchangeably in this project, but the meaning is intended to be
the same. At Utility “X”, a lot of company data resides in silos by department. Some
departments do not need to, or literally cannot share information for security reasons or
marketing reasons, but some do need to share information. To coordinate an enterprise-wide
business process driven data warehouse would be cost prohibitive due to the time and effort
involved. Building coordinated data marts one at a time based on the need to share information
is a realistic option in this environment.
The second reason the Inmon CIF method was evaluated was because a lot of
Utility “X” information does not follow the process framework of other companies where data
falls into standard categories such as “order”, “customer”, and “widget”. This might lend itself
more to the Kimball method where similar data across the enterprise is categorized and
assembled in one place. At Utility “X”, there is a lot of very different data across the enterprise
that does not necessarily get replicated or duplicated in other departments because the need does
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not exist for this to occur. No one is going to try and duplicate meter data that is gathered at a
high volume and it updated within minutes or seconds. This type of data is more conducive to
remaining in the one department as an ODS and relevant meter information from there can be
more easily shared can be assembled and aggregated in a data mart.
The Current Environment
Plant Information

The example for this research was chosen from the list of problems that were
identified in the survey. The initial problem that was identified was that the plant information
data were not easily accessible to the Transmission Planning Department. The tool the
department currently has to use is an Excel plug-in that accesses the data but requires the user to
build an Excel spreadsheet to use the data. There is no other tool available for novice users to
access information that is stored in a proprietary format. With the Microsoft Excel plug-in, the
planner needs to know which “tags” to choose for the program to summarize the data. Tags are
the unique identifier for each of the meter readings in the plant information database. If the
planner knows that he needs totals on a particular transmission line, then he needs to know what
“tags” to choose by using the plug-in. This process forces the user to understand a cryptic
unique identifier rather than just referencing something that is easily understood, such as a
location name.

This process is additionally restricted by only having meters from the plant information
database and it does not include any meters from the meter system database. What the
department needs is aggregated data, but the tool they currently have simply provides an ad hoc
way to process very granular data, a solution that is both awkward and limiting.
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The plant information data, as mentioned previously, is data collected from meters in the
substations that are used initially in the SCADA system and are then stored separately in the
plant information historian database. The plant information historian database uses data
compression to store large amounts of granular data, in this case using swinging door
compression.
“…A value is not stored if the time between that value and the last stored value is
less than the compression minimum time. The exception to this rule is when a
value changes from good to bad status or bad to good status. A value is always
stored if the time between that value and the last stored value is greater than the
compression maximum time.” (OSI Software, 1991)
It’s a very simple concept wherein the system only stores the data it needs based on the rate of
change and in time. The value that is stored is within a particular threshold and not every second
of data that is coming in is getting written to disk. There is a process in place that gleans out the
unnecessary data so anyone who is using this data needs to understand that it is essentially resampled. A balancing act is taking place wherein this process lowers the cost of storing large
amounts of data, and simultaneously weighs thresholds from the intended use of the data (Inmon,
2005). Since this system is aggregating granular data, this demonstrates that the existing system
is using a data warehouse.
Meter Database System
With more investigation stemming from the initial identified problem, another
meter system was identified. The meter database system is another separate system that also
collects meter data. This system is not connected to the Plant Information system even though
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the data is very similar. This data is read about every 15 minutes as opposed to the SCADA
system that requires more frequent reads.

One of the main uses for the data in the meter database system is for billing but the
billing system is yet another separate system. It would be logical to assume that there would be a
connection between the meter database system and the billing system, but there is not. Currently
the information from the meter database system is emailed to the billing department for
processing and integration into the billing system.

The system emails a flat CSV file over to the Billing Department. Someone in that
department takes that email attachment and saves it in a particular folder. Periodically those files
are processed into the billing system. Oracle SQL Data Loader is used to process that CSV file
into a table in the billing system. There is another separate table in the billing system that stores
the meter identifier with the member it belongs to. Using a relationship with this table allows
each of the new records coming into the system to be associated with a member to bill against
(see figure 1). This process occurs once every month which limits the availability of
information in the billing system to that timeframe.
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Figure 1. Existing Data Transfer Between the Meter System Database and the Billing System

There is also an outward facing website that delivers meter data to members who
purchase electricity based on this information. This data is also coming from the meter database
system and is emailed to another entity that assembles the website in a manner similar to the data
transfer workflow of the billing system.
Currently the employees who are responsible for the meter database system are working
on a method to import data from the plant information system and import it into the meter
database system in order to have all meter readings in one system. There are potential pitfalls
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with doing this because the readings are at different intervals and might also store different
values with different meanings.
Equipment Maintenance Database
As the research developed, it became apparent that the GIS meter database that was being
built also tied into these systems. The equipment maintenance database is used to keep
information about different types of transmission system equipment that needs regular
maintenance. Like some of the other systems in Utility “X”, this database is in Oracle but it is in
a proprietary format. The vendor does not publish the metadata of the schema, so there is not an
easy way to be sure what type of information is in the table structure. The software is heavily
tied to the database as well, creating a situation where Utility “X” relies on this vendor to keep
and maintain the data and software at the same time. This situation makes it nearly impossible
for other systems, such as GIS, to access the data in this database and, as a result, the meter data
in this system was abandoned and recreated in GIS.
The GIS meter database was to be created from the information in the equipment maintenance
database, which would subsequently be used for both maintenance and other mapping purposes
in GIS. The schema was reorganized and converted into a GIS format. While the meters in the
equipment maintenance database include only meters that Utility “X” is responsible for
maintaining, the new meter database in GIS format includes those plus other meters that the
company has other interests in.
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Chapter 5 – Discussion
SOA
Utility “X” has had a data warehouse in place, but as a company, it has lacked the
enterprise-wide support and infrastructure to continue its growth. Through the interview process
there is an indicated belief among those interviewed is that the information technology (IT)
department along with upper management has recognized this disconnect and are taking
measures to acknowledge the need for SOA to build the infrastructure to support better data
management practices and flexible applications. SOA is the infrastructure needed to support a
data warehouse solution. The past data warehouse effort has proven to this company that there is
more involved in building and maintaining a successful data warehouse. SOA is the foundation
that holds the data warehouse together through time. At a company that has been operating in
much the same way for 50 years, this idea of shared information across systems is a new
paradigm. With past experience with data warehousing, there is hope that a new data warehouse
effort would be more successful with the right infrastructure and support systems in place to
begin with.

Data Warehouse Solution
In the current environment at Utility “X”, the silo databases are not easily accessible to
GIS. A large portion of information is not being fully utilized because it exists in separate,
disconnected databases. This data could potentially be spatially enabled using GIS if it were
placed in a data warehouse. It would not make sense financially or in terms of the time involved
to migrate these systems solely for the purpose of making them accessible to other systems
because each of these database systems has a valid purpose and works fine for the primary
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designated purpose. As an alternative, a data warehouse can provide a mechanism to allow
access to information across different databases. Data that is significant for analysis or reporting
can be gleaned out of the current configuration and processed into a format that is more useable
to other systems for other purposes.
ETL with Plant Information and Meter Data

Whether in an ODS or the data warehouse, use of ETL tools can disassociate the data
from a particular vendor or proprietary system by extracting what data is needed from the
system, changing it into the format in which it must be used, and storing it for use in another
location. ETL tools can be incorporated using a data hub, which is an Oracle concept that
consolidates similar information from different systems to capture a single set of the same
information “to help create an infrastructure providing a single source of truth across multiple
systems (Stackowiak, 2007).” Since Utility “X” is primarily using Oracle for data warehousing,
a data hub can be set up to process the granular meter data in the plant data historian and be used
in the meter system database. One set of meter data can be accessed from one location that would
incorporate the two slightly different sets of information into one comprehensive set of meter
information. The advantage is that this data can be used for several more uses rather than just
the two initially identified uses.

ETL for Transmission Planning

There are meters tracked in the SCADA system that is not tracked in the meter system.
Aggregated meter data using ETL processes and storing the new processed information in an
operational data store (ODS) provides a comprehensive list of all the meters in the transmission
system that anyone would need. In this example, Transmission Planning needs to see all of these
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meters in the transmission system to evaluate load forecasting. The department has to go to two
places to get that information since both of those sets of data are not translated into a seamless
dataset. By implementing an ODS, and setting up transformation processes, it is possible to
conform the two datasets into one so that Transmission Planning only needs to access one
location to get all of the data that is needed. The meter system database might have
measurements of load stored in different units of measure than what is stored in the plant
information database. The transformation process can be set up to calculate one of those values
to match the other so that one value can be stored in the ODS (Inmon, 1999).
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Figure 3. Meter ODS

To summarize this example, the meter data can be set up in an operational data store
(ODS) by using an Oracle data hub framework. The data hub uses Extract, Transform, and Load
processes (ETL) to pull data from the legacy systems and process that data into one cohesive
meter dataset to store in the ODS (see figure 3).

ETL for Billing

For billing purposes, the meter readings from the meter system data could be similarly
aggregated using demand and load values and store tables based on member. Another ETL
process could be created to prepare billing tables based on member. Currently this process of
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emailing an exported file over to the Billing Department is occurring once a month. There are
several reasons why this is not the most reliable way to transfer information.

1) In order to email the data, it needs to be exported into a different format, such
as a CSV file.
2) The email system must be relied upon to deliver data periodically, which adds
another variable to the list of potential problems that could occur from relying
on a separate system to deliver information. That variable could be eliminated
by keeping the data in its original format.
3) The data that has been exported to a different format now needs to be
imported into another system, which requires someone to interface with the email to capture the file and import it into the other system. This activity could
be eliminated by keeping the data in a database format.

In combination with the customer care website, the Billing Department could have
continuous access to the information rather than just on a monthly basis. In this case the member
might need to see total demands and loads for each month for each meter location. Or the
member might need to see a total KWH (kilowatt hours) of all the meters in the member area
aggregated for the month. With aggregated data stored in the data warehouse using rolling
summary tables, the member can have data updated more frequently, maybe nightly or even
hourly. Overall, the billing department and the customer (member) have access to more timely
information (see figure 4).
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Creating an Accessible Plant Information Database
The plant information a good example to use for data warehousing since the data is
essentially stored in a data warehouse. It is highly granular sampled data stored using an
archiving system. It is in a proprietary format. The only easy way to access the data is through
the products supplied by the vendor. The database is limited to access using ODBC and SQL, or
using interface software used for data exchange supplied by the vendor (Hydrocarbon Online,
2010). In this case, the end user who is not a heavy user of the system has access to an Excel
plug-in to build a spreadsheet. It is a simple tool that accesses data from the plant information
database by entering in a date range, for an identified location or several locations, for example.
It will fill in the range of values that meet the criteria that is chosen. This might be adequate for
some applications, but a data warehouse might be more useful when there is a need to analyze
data or use aggregate information.
In this example, the plant information data has a low level of granular data since it stores
individual meter readings at a high rate. This creates a large volume of data that is processed to
some degree because it only stores data that it needs to show change over a designated period of
time and data that meets a threshold. Referencing back to the research, the operational data
(ODS) would be the plant information database and the data there could be extracted and
summarized on four levels. In this case the rolling summary data could be aggregated for each
day; that data is then aggregated and stored for each week, and that data is then aggregated and
stored for each month, and so on. The plant information data could be aggregated this same way
but based on peak load values. Another tier of rolling summary data can show those values
assembled by region. Because this data is very granular, most applications would require
aggregate information to be useful.
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In the case of Transmission Planning, this department needs to analyze the peak load data
for particular locations over a period of time. In an example supplied by the department, the
monthly max and mean MVA (Mega Volt-Amperes) and a total over the entire period which was
about two years was shown for a particular transmission line. This was built with the Microsoft
Excel add-in. Instead of building this table one transmission line at a time, all of the
transmission lines could have this data stored in the data warehouse. Using rolling summary data
it could store these values for each line by month, by day, by week, by year or all of those. At
any point in time someone could access this information from the data warehouse without having
to build something to look at that information on each individual occasion it is needed.
Similarly, the rolling summary data could be collected on a regional or member level.
Transmission Planning is interested in peak values for a region or a city area. In the data
warehouse that data could be identified geographically and then aggregated and stored based on
those values. The aggregated data could also be time based as in the previous example. In the
table it could show a regional Max MVA for the week, month and year. At any point in time
Transmission Planning could access this information from the data warehouse rather than
building a spreadsheet.
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There are three benefits realized from this. One benefit is that the data is removed from
the proprietary format making it available to use in other systems for reporting or a dashboard
application, for example. The second benefit is the processing is already done for the end user
based on a previously determined set of criteria. The data the user is looking for is ready to go
and all in one place. And the third benefit is that Transmission Planning Department staff no
longer needs to spend time building a spreadsheet to retrieve the information.
Another way the plant information can be used if it were in a data warehouse is for use in
GIS. Once the peak load (Max MVA) information is in a data warehouse, it can be accessed
further to include the link to the GIS database. In this case, the substation locations are stored in
GIS. The substation name is a way to identify the location, but the name can sometimes be
duplicated across the dataset. For example, there might be two substations named “ROCK
CREEK”. To eliminate this problem, there is a unique identifier on most datasets in the GIS
system called GISID.
The plant information database uses a particular named location that does not correspond with
the substation location names in the GIS system. That problem can be solved using a data
warehouse. The peak load information is a set of aggregated data that would be useful to see on
a map. In a data warehouse, the data is stored separately from the proprietary database which
provides the flexibility for making schema changes. The ability to change the schema to the way
that is needed for the new use is one of the advantages realized using ETL processes. With this
additional GISID field, each of the individual spatial locations in the plant information database
can be linked to the GIS locations by having this field in both the data warehouse and in the GIS
system. This allows the GIS system to query the data warehouse just like the Excel plug-in does,
but the difference is the ability to show peak load data on the map (see figure 5).
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Figure 5. Linking Data Warehouse to GIS

Creating an Accessible Equipment Maintenance Database
The equipment maintenance database, as explained previously, is also in some form of a
proprietary format. At least it’s an Oracle database, but the schema is formatted to work with the
software that goes with it making it highly difficult to retrieve data without a lot of help from the
vendor that supports it. For example, the names of the fields in the database do not identify the
type of data that is stored. This is because the software is designed to allow someone to set up a
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database without having any database knowledge. The software is driving the database schema
and not a database administrator or designer. This allows the user to manage his database
without having a lot of database skill. At the same time, it does not allow the data to be easily
used outside of its initial purpose. In this case there is valuable information locked up in a
system designed only for one purpose. By applying a data warehouse, this data can be accessible
for other usage.
The initial purpose of this database is to manage the maintenance of equipment in
the substations across the transmission system. There is a set of meter locations in this database
that are managed by Utility “X”. The information stored in this database is specific for
maintenance purposes. Only that type of data is to be collected in this repository. The metering
department does not currently have a meter database to keep track of all the meters that the
company has an interest in. This would not only include the meters that Utility “X” maintains,
but also other meters on the system that are used for revenue that are not maintained by Utility
“X”. The equipment maintenance database is not a good fit for all the meter data that needs to be
collected since it is not designed for any other purpose except for maintenance. The decision
was made to collect that extra meter data in a GIS format. In the interest of time, a new GIS
database was created to collect all the meter data including that data which is currently in the
equipment maintenance database. This created a situation where the meter data in the equipment
maintenance database was duplicated in the GIS database in order to serve a different purpose.
If a different solution was chosen, Utility “X” could have used data warehousing to avoid
copying data from the equipment maintenance system and abandoning it. Copying the data from
the equipment maintenance database, bringing it into GIS, and adding other meter data
essentially makes the data in the equipment maintenance database useless if it is not updated or
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used at that location any longer. If the data were retained, the information would need to be
maintained in two locations, thus creating twice the amount of data entry work for the end users
and increasing the possibility of disparate data.
A data warehouse solution can applied to retain the data in the equipment maintenance database
and use it in conjunction with the new GIS meter database to avoid the duplication of data.
A data hub could be set up to point to the meter data in the original equipment
maintenance database. Only the meter equipment data that was needed would be queried to
isolate it from the other equipment. The source data would remain the same and would not need
to be altered. The data hub would then be the more flexible location where changes can be
made.
“Data hubs are centralized repositories used to reconcile data from multiple
source systems. They are often used where companies have deployed multiple
vendors' transactional solutions with different data definitions and where it is
desired to have a single location where an official definition lives.” …” a hub is
different in that it usually points to data residing in the originating systems
without physically moving the data into the hub. (Stackowiak, 2007)”
In this example, the newly identified meter data could be stored here that has nothing to
do with equipment maintenance, but it would meet the needs of the metering department. At that
point the meter department has seamless access on the application side to all the meter data they
need. The data just happens to remain in two places, but since the data hub points to the original
source data, the meter department essentially accesses only one location from the data hub. At
the same time, the original source data retains its original purpose and the data is not duplicated
improperly (see figure 6).
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Figure 6. Meter Data Hub

With a data hub, the equipment locations in the equipment maintenance database can be
located spatially based on the substation location. Again, like the plant information system, the
location field does not correspond to the GIS substation dataset location field that it would be
linked to. Also, because of the nature of the database as it is now, it is difficult to maintain an
added key field to it without a re-design effort. Adding onto the data hub construction, we can
add another GISID field to each meter record to attach it to a substation location in the GIS
system. That provides the ability to put all the meter locations on a map. Now there are two new
functions with the data hub one meets the needs of the meter department by adding fields to data
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that is sourced from the equipment maintenance database, and the other provides the mapping
functionality.
Either of these solutions could not have been done as easily if the only option was to add
fields to the equipment maintenance system that currently only has one purpose. The purpose of
the system would have changed, and the administration of the system would have changed as
well. The equipment maintenance system would have turned into something that included the
metering database with the option for mapping. Then the interface to the database would have
still been restricted to the original interface that is designed around equipment maintenance.
This would not make a lot of sense. On the other hand, this would not have been impossible to
do, but it could be expensive and not meet the needs of the end user. This data hub option avoids
expanding systems that were not originally designed for this type of expansion.
Creating an Accessible Meter System Database
The meter system database is currently a system that is not connected to any other
system. Data transfer out of the system occurs via email. A data warehouse solution could
create a better data repository for other systems to retrieve data. I was not able to spend enough
time to get the required information from this system to create an entirely realistic example. So
for the purposes of this research, this section will apply a data warehouse concept to a theoretical
example.
In this case an old system is in the process of being migrated into a new system. From
the limited amount of information gathered, it is understood that the current configuration was to
be migrated first and then new components would be added later. The belief is that the transfer
of data from the meter data management system to billing, etc., was one aspect of the system that
was to be saved for future adaptations. It is also understood that the new meter database in
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combination with the new software has data warehouse capabilities that are not being
implemented as part of the initial migration. With that idea in mind, this research covers a
solution to that situation that may or may not be valid to apply to this new meter database system
due to the limited amount of input into the current system configuration. However, this example
applies a data warehouse solution that might serve as a framework for either this new meter
database system or can be applied to other similar situations.
One of the purposes of the data warehouse is to store data that is useful for analysis. Data
that is summarized is usually good data to use for analysis. A data warehouse has different
levels of summarized data. Some data might be lightly summarized and some might be highly
summarized which is sometimes stored in a data mart (Inmon, 2005). This summarized data
might be very subject oriented and useful to only one department oriented, so it might be
considered a data mart (Inmon, 2005). Data marts typically read from the data warehouse. In
this example, summarized meter data is useful for many departments.
One of the advantages of using summarized data is that it can be accessed faster than
granular data. “By using the high level of granularity, the data is much more compact and can
provide an answer relatively quickly. If it contains sufficient detail, data with a high level of
granularity is much more efficient to use. (Inmon, 2005)” When building the data warehouse, it
is important to consider that too much summarization might lead to a less useful dataset for
queries. “As the level of granularity of data rises, there is a corresponding loss in the ability to
answer queries using the data (Inmon, 2005).” So there is a trade-off between too much
information where processing speed is affected, and not enough data to support the query. In this
example, there are meter readings gathered either every second or every 15 minutes depending
on whether the data is used for billing or for SCADA. Over time, that turns out to be large
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amount of individual records. Typically, a user of this data is not going to be interested in one
reading at a particular moment. What is more useful is the reading of occurrences of peaks and
valleys in the values over a period of time. It could be that just the peaks or just only the valleys
are useful. When looking at meter readings, these peaks and valleys are the demand and load
values. The processed data showing max demand and max load values is valuable information
for the Transmission Planning Department. This is the information that they use to make
decisions on where upgrades are need for increased demand, or to determine where surplus
power areas are.

For the Billing Department, it is the demand and load values that this department is
interested in over the period of a month. The billing reports show that they use these values to
calculate a total Kilowatt Hour (KWH) of energy to bill each of the members.

The proposed data warehouse environment would allow connectivity to the meter system
database so that the billing system can access the data it needs in the format that it needs at any
point in time. By eliminating the transfer of data through several conversion processes and
email, the data warehouse can be used to summarize the meter readings monthly by using rolling
summary data as illustrated in a previous section. The aggregate monthly totals for each meter
would be stored in the data warehouse for direct access by the billing system (see figure 7).
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Figure 7. Proposed Connection Between the Meter Data and Other Systems

The Transmission Planning Department also uses similarly summarized meter data. The
planners in this department need to see peak values for a member over a certain area. They use
two different types of peak values. A member peak value is the max system peak for a member
area. This is the value that is also used for billing purposes. The second type of peak value is
the member non-coincidental peak. This is a value of a smaller area within the member area that
is usually a major city. A major city within a member area is going to show a peak sooner than
other areas because of the larger population concentration.
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GIS Component

The geographic component of the max system peak and the non-member
coincidental peak has not gone unnoticed. There has been a request from the Transmission
Planning Department to have the ability to place these peak values on a map. Currently the
department is limited by is use of this information since it is stored in its original detailed smallgrain form, and the only access to it is by using a Microsoft Excel plug-in, as described
previously. An example sales report (See Appendix C) obtained from the department shows the
use of aggregate totals by month by substation. Several meter readings along a transmission line
are used to show line flow. This is also a geographic component that can be utilized in the GIS.
So with the use of the data warehouse to aggregate the totals by month using rolling summary
tables, and by incorporating a value to the table that is associated with the meter location in the
GIS, we can utilize this combination to put this information on a map. This eliminates the
restriction of having only two peak totals by member area or a subset of a population center.

The geographic components described in the last section include the member area, the
meter locations and the transmission lines. All of these components exist in GIS, so by adding a
link to the summary tables that includes data that is also in GIS, the door is opened to map that
information in several combinations. The association between the meter location, the meter
location on the transmission line, and the meter location to the member area is retained in GIS.
So in the data warehouse, the only item that needs to be stored to link to GIS is the meter
location. Having this meter location link allows the Transmission Planning Department to select
any combination of meters to illustrate a load in a certain area without being restricted to a
geographical construct of a member area or a city population center.
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The data warehouse would create a place where all meter locations were stored with their
readings. The method should include a way to avoid storing duplicate data because keeping an
updated copy of a highly voluminous dataset in such a granular form would create a maintenance
issue. As an alternative, the meter data from both the plant information database and the meter
system database could be assembled in one place in the data warehouse, and the data can be
aggregated by month. This way the Transmission Planning Department would have all the meter
locations needed for analysis in one place. Additionally, adding a link to GIS to the summarized
meter data, the system holds the information about which meters are on what transmission line.
In combination with the summarized and aggregated data in the data warehouse, the planner
would only need to know which transmission line was needed to calculate the totals. The
planner would no longer be restricted to know what tags were on what line or in what member
area since that information would be located and accessible in GIS (see figure 8).
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The other additional advantage is that the Transmission Planner can obtain this
information in a report form and display it in a map form if needed. The clear advantage is that
the information does not have to be map-centric. The spatial aggregation is occurring using GIS
without having to use a map to display the information. A report can still be the end product, but
without the work of associating meters with a location. This is what the GIS does automatically
with the additional link between the GIS and the summarized meter data.

Conclusion
The foundation for the data warehouse is SOA architecture. With support of the
enterprise in combination with building a business-wide SOA, the data warehouse can be the tool
that makes information accessible to all departments at Utility “X”. Once the architecture is in
place and all departments have cooperated in developing their systems to participate in it;
different systems can be leveraged by having access to new information. GIS is a system in
Utility “X” which use can be expanded by implementing a data warehouse environment. As
illustrated in the Proposed Configuration (see Figure 9), systems throughout the company can
access the data warehouse and provide an interface to what were previously isolated and largely
inaccessible databases (see Figure 2). With support of the company, the data warehouse can
alleviate pressure to change legacy systems to accommodate new usage, provide a way to make
meter data accessible for multiple uses, and provide a way for other systems such as GIS to
expand by providing a spatial interface to data that would not otherwise be spatially enabled.
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Figure 9: Proposed Configuration.
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Appendix A
INTERVIEW CONSENT FORM
My name is Katy Carpenter. I am working on my thesis project at Regis University for my
Masters of Science in Information Technology degree. You have been chosen for an interview
regarding the thesis topic which has to do with data warehousing at Tri-State. The purpose of the
study is to find ways that Tri-State might develop better information management through the
use of a data warehouse environment. The results will be used in the study and the final thesis
will be published at the university and possibly used by the Tri-State IT department for
reference.
I would like your permission to interview you and use your comments in my research. The
interview will last approximately 15 to 20 minutes. The interview questions are in reference to
different kinds of information you manage or gather to do your job. There also might be a
follow-up questionnaire depending on the results of the first questionnaire. Your name will not
be used in the study. All identifiable information collected will remain confidential. You do not
need to answer any questions that you do not want to. Any time during the interview you may
stop your participation with no questions from me.
If you have questions regarding the study or your participation, you can contact me at #3406.
You can also contact my advisor, John Holmes at (303) 419-7837.
Please contact me if you would like to see a copy of the final thesis document.
Consent Statement:
I have read this form. I understand that nothing negative will happen if I choose not to
participate. I know that I can stop my participation at any time. I voluntarily agree to participate
in this study.
Signature
Printed name
Date

You will be given a copy of this form.
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Appendix B
Questions for Data Warehouse Project:

1) Do you find that several different people collect the same or similar information?
2) If yes, then what type of information do you see duplicated?
3) If yes, how many different sources of the same or similar information do you go to, and
where are those sources located?
4) Do you find that several information sources of similar kind may be inaccurate or out of
date?
5) Do you have examples of good information that is easy to access that you use?
6) Do you have examples of good information that might be difficult to use or access?
7) What information do you need to do your job that is not in form that is easy to access?
8) Do you share information with other departments? If so, what types of information and
what departments does it go to?
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Sales Report
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